Restoration activities intended to improve the condition of streams and rivers are widespread throughout the Upper Midwest, U.S.A. As with other regions, however, little information exists regarding types of activities and their effectiveness. We developed a database of 1,345 stream restoration projects implemented from the years 1970 to 2004 for the states of Michigan, Ohio, and Wisconsin in order to analyze regional trends in goals, presence of monitoring, spatial distribution, size, and cost of river restoration projects. We found that data on individual projects were fragmented across multiple federal, state, and county agencies, as well as nonprofit groups and consulting firms. The most common restoration goals reported for this region were in-stream habitat improvement, bank stabilization, water-quality management, and dam removal. The former two were most common in Michigan and Wisconsin, where salmonid fisheries enhancement appeared to be an important concern, whereas water-quality management was most frequent in Ohio. The most common restoration activities were the use of sand traps and riprap, and other common activities were related to the improvement of fish habitat. The median cost was $12,957 for projects with cost data, and total expenditures since 1990 were estimated at $444 million. Over time, the cost of individual projects has increased, whereas the median size has decreased, suggesting that restoration resources are being spent on smaller, more localized, and more expensive projects. Only 11% of data records indicated that monitoring was performed, and more expensive projects were more likely to be monitored. Standardization of monitoring and record keeping and dissemination of findings are urgently needed to ensure that dollars are well spent and restoration effectiveness is maximized.
Introduction
Aquatic ecosystems are being impaired by human activities worldwide (Gleick 2003) . In the Upper Midwest region of the United States, shifts in land use toward agricultural and urban development in the last century have contributed to the deterioration of many waterways. In agricultural settings, river ecosystems have experienced increased nutrient and sediment loads (Oberle & Burkart 1994) , altered flows (Poff et al. 1997) , and habitat degradation (Roth et al. 1996) , whereas in urban settings, impervious surfaces and infrastructural constraints on rivers have led to the introduction of chemical pollutants, altered flows, and system instability (Oberle & Burkart 1994; Doyle et al. 2000; Davis et al. 2003; Murdock et al. 2004 ). Fragmentation of river ecosystems by dams has further degraded lotic environments (Bednarek 2001; Stanley & Doyle 2003) . Consequently, stream restoration is emerging as an important approach for addressing water resources issues. Restoration projects can be viewed as applied experiments of ecological knowledge (Michener 1997) . However, because stream restoration projects rarely are implemented within an experimental context or receive pre-and postproject evaluations, little information exists on the effectiveness of commonly used stream restoration practices (Kondolf & Micheli 1995; Moerke & Lamberti 2004 ).
An important step in furthering the science of stream restoration is to examine existing restoration projects and their methods and outcomes. The National River Restoration Science Synthesis (NRRSS) reported findings from a database of 37,000 stream and river restoration projects from around the nation, organized around 13 restoration goals identified a priori . Most projects were of small scale (<1.5 km in length) and were obtained from national databases and by intensive data gathering in seven geographic regions of the United States. Nationally, the most common goals were to enhance water quality, manage riparian zones, improve in-stream habitat, and for fish passage and bank stabilization. Although stream restoration activities have increased dramatically, and now account for annual expenditures in excess of $1 billion nationwide, Bernhardt et al. (2005) found that data reporting was very limited, monitoring was reported in only 10% of projects, and the evaluation and dissemination of success were inadequate.
Here we report an in-depth analysis of the results of 1,345 projects from the states of Michigan, Wisconsin, and Ohio. We characterize stream restoration activities within the Upper Midwest region, highlight strengths and weaknesses of these approaches, and make recommendations to further the science of stream restoration within the region. Analyses of this database provide a regional perspective regarding the types of restoration being conducted, the number and spatial extent of projects implemented, and expenditures on restoration activities.
Methods
The study area included Michigan, Ohio, and Wisconsin in the Upper Midwest, U.S.A. In general, the northern regions of the study area are characterized as forested and rural, whereas the southern regions are more agricultural and urbanized (Albert 1995) . These states were known to be active in stream restoration and were expected to encompass a range of project activities, therefore providing an understanding of all types of stream restoration occurring in the Upper Midwest region.
Information on stream restoration in the Upper Midwest was collected from many sources as part of the NRRSS. At the national level, data were collected from the following federal agencies: Army Corps of Engineers, U.S. Fish and Wildlife Service, National Marine Fisheries Service, National Oceanic and Atmospheric Administration, and the United States Environmental Protection Agency (Jenkinson et al. 2006) . We also contacted Departments of Natural Resources and Environmental Regulatory Agencies of the three states, as well as watershed groups, drain commissioners (Michigan), local governments, consulting firms, and nonprofit groups such as Trout Unlimited that are involved in stream restoration practices. We collected data via phone, e-mail, and mailings. Individuals contacted via e-mail were asked to fill out a form requesting descriptive information about as many restoration projects as they had knowledge. A similar request was sent out via mail for those contacts who did not have an e-mail address. When a phone number was available, individuals who did not respond received a follow-up call to encourage a response. In addition to personal contacts, data were collected via Web sites, via agency files, and from published documents. Because few records could be located for projects implemented earlier in time, only projects implemented between 1970 and 2004 were entered into the database to provide a standard time frame.
Data collection was not restricted to any specific definition of the term ''stream restoration'' because we wished to document how dollars and efforts are expended in the name of restoration. Therefore, if a project was identified as stream restoration by the project implementor, it was included in the database. If the term ''restoration'' did not appear in a project description and whether to include a project was ambiguous, we used a dichotomous key developed by the NRRSS working group to ensure that restoration was the primary purpose . We collected descriptive information including restoration project name, stream name, project location (watershed, county, town, state, geographic coordinates), year of project permitting, year of implementation, year of completion, project contact name, affiliation, phone number and e-mail address, project size (area and length), project cost, presence of monitoring, monitoring focus, funder information, implementer information, presence of mitigation, data source type, project intent, and project activities. Data entry for the summary database was calibrated at the national project level and facilitated by the creation of a web-accessible data entry interface .
We were careful to distinguish between project goals and activities. For example, bank revegetation (an activity) could be to meet the goal of bank stabilization, waterquality management, or an accompaniment to channel reconfiguration. Similarly, bank stabilization (a goal) could be met by bank revegetation, livestock exclusion, or physical grading (all activities). To distinguish between project goals and activities, 13 goal categories were determined a priori with descriptive metadata, and each project was classified into one or more of the 13 categories according to its stated goals . Projects were assigned a category only if project goals were specified in the original data record and were never inferred from activities.
The database was culled for duplicates by searching for projects with similar stream names, project names, project locations, dates of implementation, and project goals and activities. Projects that shared these attributes were combined into a single record. Data collection ceased when all known data sources had been adequately pursued and the data were considered representative of the population of stream restoration projects within the region. Representativeness was determined by a final inspection of the data by knowledgeable professionals from each state. These individuals received a summary of the data by spatial extent, distribution of project goals, and sources of information. The summary data for each state included a map of the distribution of projects by county, a bar chart of the five most common project goal categories in the state, and a list of all data sources accessed and people contacted within the state.
Statistical data analysis consisted of a two-sample t test on project cost and presence of monitoring. The test did not require any transformations of the data.
Natural Resources Conservation Service Projects
Stream improvement implemented through Natural Resources Conservation Service (NRCS) programs is known to be extensive, but available databases provided only county-level aggregated reports on NRCS conservation practices in each state. We considered it impractical to collect data for individual NRCS projects because this information is stored (usually as paper files) in individual county offices (approximately 205 for the three states). The inability to add NRCS projects to our database is a limitation of our study.
Because agriculture is such a prominent land use within the study region, we sought other means to approximate the scope of NRCS-sponsored conservation practices with potential positive impacts to streams. The Farm Service Agency (FSA) database contained information on conservation practices implemented in every county in every state through the Conservation Reserve Enhancement Program/ Conservation Reserve Program (CREP/CRP). The three conservation practices summarized in this database that were relevant to stream restoration (due to their close proximity to streams) were filter strips, riparian buffers, and wetland restoration. Implementation of these conservation practices through the CREP/CRP program began in the late 1990s. Available information included total acres, dollars spent, and number of landowner contracts of each conservation practice organized by county. A Geographical Information System (GIS) was used to map the geographical distribution of these conservation practices within the study region, and the total dollars were summed to estimate the total cost of conservation practices related to stream restoration.
Results

The Database
The total number of projects in the Upper Midwest database was 1,345. Expert opinion provided support that, except for NRCS projects, data were representative both spatially and by goal, and there was no indication that existing data sources had been overlooked. However, examination of project distribution by county revealed that regions within the study area where the primary land use was agricultural were under-represented, and projects were disproportionately concentrated in northern regions (Fig. 1A ), which likely reflects our inability to access records for agriculturally related stream restoration accomplished through the NRCS. Comparing the spatial distribution of NRCS conservation projects (Fig. 1B) to the spatial distribution of individual stream restoration projects in our database, it is evident that the NRCS is engaged in considerable activity relevant to stream restoration in agricultural regions.
The number of stream restoration projects implemented in the study area has increased steadily over time (Fig. 2) . Both the number of project records in the NRRSS database and the number of popular press articles that reference the topic of stream restoration show a steep upward trend. This trend may reflect greater availability of information about more recent projects, a tendency for the term ''restoration'' to supplant other terms such as improvement or management, as well as an actual increase in project implementation.
Distribution of Project Goals
In-stream habitat improvement and bank stabilization are the two most common project goals in these three Midwestern states, followed by water-quality management, dam removal/retrofit, and channel reconfiguration (Table 1 ). However, just over half of the projects were from a Michigan database, which classified all projects into only the two goals of in-stream habitat improvement and bank stabilization. When goals were examined by state, Michigan and Wisconsin were similar in being dominated by in-stream habitat improvement, whereas Ohio's most dominant project type was water-quality management (Table 1) . This may reflect a management emphasis on coldwater fisheries enhancement in Michigan and Wisconsin, whereas Ohio Environmental Protection Agency (EPA) is particularly active with EPA 319 grants focused on water-quality issues.
Over 58 different types of stream restoration activities (actions implemented to carry out goals) were reported in Parallel to the finding that in-stream habitat improvement was the most common goal reported, stream restoration activities in the study region were largely focused on in-stream habitat improvement. The most common activities in the Upper Midwest study region were the use of sand traps and riprap (Fig. 3) , and three of the top five activities were directly related to the improvement of fish habitat (sand traps, addition of large woody debris [LWD] , and Lunker structures). Sand traps are widely used by the Michigan Department of Natural Resources to remove excess sediment from streams, thus preventing its embedment in spawning gravels used by salmonids (Steen 2003) . Suspended sand settles into a depression dug into the stream channel, and the deposited sediment is subsequently removed, requiring excavation with machinery. LWD is placed in streams to provide cover and habitat complexity for fish and other aquatic organisms (Shields et al. 2003) . A Lunker is a crib-like structure placed in streams to provide bank stability and cover for fish (Hunt 1988) .
The remainder of the 20 most common restoration activities represents a diversity of restoration actions and presumably of goals. Eight of the remaining most common restoration activities involved the placement of structures directly into or adjacent to the stream channel. Other common activities included the reshaping of channels through riffle and meander creation, as well as grading of streambanks. Riparian activities such as fencing to exclude cattle and maintaining buffer strips or removing non-native brush also were common.
Monitoring
Overall, only 11% of project records reported any monitoring. However, it is not known whether this indicates scarcity of monitoring or inadequate reporting. Of the five most frequent goal categories, monitoring was most cited in the category of water-quality management, where 33% of projects were monitored (Table 2) . Conversely, reports of monitoring activities were lowest for in-stream habitat improvements and bank stabilization, which, as the most common project goals, contributed to the low overall value. Projects that were monitored were more expensive on average than unmonitored projects (Fig. 4) . Although this was not a statistically significant result (p ¼ 0.07), the lack of projects that reported monitoring and cost data together (just 67 projects out of the total 1,345) limited the statistical analyses.
Size and Cost of Restoration
The total cost of all projects in the Upper Midwest region for those with cost information included in data records (n ¼ 400) was $75,642,874 for the 13-year period of 1990-2003 (Table 3 ). The median project cost was $12,957. This estimate does not take into account projects for which no cost data were provided, and it does not include NRCS projects; however, we can approximate the missing cost information.
To correct for projects in the Upper Midwest database that lacked cost data, we extrapolated the total cost obtained for the 47% of projects with cost information to the project total (Alexander 2005) . This increased the tristate total to $160 million, or a yearly average of $12.3 Values represent the percentage of projects per state and the tristate total for each specified project goal. Some 24% of the projects listed more than one goal, resulting in the number of listed project goals exceeding the number of projects. Stream Restoration in the Upper Midwest million. Projects in the water-quality management category were estimated to account for almost $60 million of the total cost and had the highest median cost of $234,500 (Table 2) but accounted for only 6.5% of the number of projects with cost information. Conversely, projects in the in-stream habitat improvement category were estimated to account for just $25 million in total project costs, yet these types of projects comprised 48% of all projects in the database with cost information (Fig. 5) . A separate accounting for the year 2002, the most recent year for which cost data were most complete, estimated that at least $22.1 million was spent in the Upper Midwest study region. This higher estimate for the year 2002, when compared with the average estimated for 1990-2002, is consistent with the increasing amount of restoration activity in recent years (Fig. 2) , as well an increased implementation over time of more expensive project types, such as waterquality management.
To estimate the dollars spent on restoration activities by the NRCS, we used cost data for the selected conservation practices listed in the CREP/CRP database. The NRCS expenditures for these three stream-related practices (filter strips, riparian buffers, and wetland restoration) totaled $283 million for 1997-2004 and represented 26,573 separate implementations of these conservation practices. Bearing in mind that the three listed conservation practices represent only a subset of practices that may positively affect streams, and that these data represent just one of the NRCS conservation practice programs, it is evident that the monetary contribution of the NRCS to stream restoration in the study region is considerable. Combining the estimate from the NRRSS database and the NRCS county-level information indicates that the true cost of implementing stream restoration practices in the study region since 1990 was roughly $444 million. Thus, the estimate of total cost of stream restoration in the study area was more than doubled when NRCS conservation practices were considered.
Over time, the median cost of individual restoration projects in the NRRSS database increased, whereas the median size of individual restoration projects decreased (Fig. 6) . The mean cost increased much more than the median cost, indicating that the mean is skewed owing to a relatively small number of expensive projects. When mean project size (length) is multiplied by the number of projects without size information and added to the total size of all projects with size information, the estimated total length of stream restored in the Upper Midwest from 1970 to 2002 is close to 9,677 km or 6,000 miles (Table 3) , approximately 5% of the total stream length in the study area. An evaluation of the percentage of large projects over time, those that restore more than 1.5 km of stream, also indicates a decreasing trend (r 2 ¼ 0.55) (Fig. 7) . The Some 24% of the projects listed more than one project goal. In total, 11% of the project records indicated that some type of monitoring was performed. 
Discussion
The incidence of stream restoration documented in the popular press has increased steadily within the study region since the early 1990s, in parallel with the increase over time in the number of stream restoration projects in the Upper Midwest database. This may reflect an actual increase in project implementation, but it also may result from a greater availability of information about recent projects. It is also possible that this apparent rise in the number of implemented projects reflects a shift in the ways that projects are reported. For example, the large number of projects listing the use of riprap as an activity, combined with the small size and cost of most projects, may reflect an increasing tendency to refer to these types of projects as restoration rather than as channel stabilization. If this is the case, projects with the potential to be ecologically harmful may increasingly be implemented under the guise of restoration. Nonetheless, despite other possible explanations for this rising trend, the growing literature (both popular and scientific) on the topic of stream restoration reveals an increasing focus on the use of the term restoration and its associated practices . Although the database of 1,345 projects from Michigan, Wisconsin, and Ohio is the most comprehensive listing of stream restoration in the Upper Midwest, its limitations must be acknowledged. Regional experts judged the database to be representative of the region; however, we cannot establish if projects were overlooked, and even the most useful data records often provided less information than would be desirable. Most seriously, the limited interpretability of NRCS conservation practices relevant to stream restoration was a significant impediment. Therefore, estimates of total cost and other descriptors are conservative and only the first step toward a full understanding of the scope of restoration practices.
Habitat improvement, bank stabilization, and waterquality management are the dominant project goals identified in our database for the Upper Midwest, with a greater emphasis on water-quality issues in Ohio. We think these trends are broadly valid, with two caveats. First, data from Michigan DNR reported only the two goals of habitat improvement and bank stabilization; however, this reflected the viewpoint of professionals that most restoration activities had these two goals. In addition, data from Wisconsin, which included more categories, were similar in that in-stream habitat improvement was the most common goal. Second, NRCS projects were excluded from our database because they are reported only as county totals, not as individual cases. Because the vast majority of these involve plantings and land retirement, their inclusion likely would result in a considerably higher proportion of projects with the goal of riparian management, which was one of the most common goals reported in the national database but infrequent in the Midwest database.
Project activities were extremely diverse. The most common activities were those that took place within the stream channel or along the banks, which would be expected from the most common stated goals. Additional activities associated with riparian plantings would be expected if NRCS projects were included.
Many authors have stressed the importance of monitoring as part of the learning cycle and to practice adaptive Stream Restoration in the Upper Midwest management (Downs & Kondolf 2002; Jungwirth et al. 2002; Palmer et al. 2005) . Monitoring or evaluation occurred in approximately 10% of the projects in the national database and was more likely to occur in more expensive projects . We likewise found a similarly low rate of monitoring in our Upper Midwest database (11%) and a tendency for greater frequency of monitoring associated with more expensive projects. Our finding that monitoring was greatest in the category of water-quality management may be due to the relative ease of water-quality monitoring using well-established and widely known protocols. The fact that habitat improvements and bank stabilization are so commonly implemented may favor a low monitoring rate.
In-depth interviews may reveal a greater frequency of monitoring than revealed by the NRRSS database, where project records often contained minimal information. Questionnaires and thorough surveys of 10 restoration projects in Indiana (Moerke & Lamberti 2004) revealed that fewer than half conducted pre-or postproject evaluations, a lower rate than we found. Our own surveys of 39 projects from within the NRRSS database found that roughly three quarters had some form of monitoring, although often of limited scope (Alexander 2005) .
The circumstances under which monitoring should be pursued, or might be considered unnecessary, are inadequately known, but it is reasonable to expect that monitoring may become less needed over time as experience provides confidence in outcomes. For example, the state of Wisconsin has studied the success of in-stream habitat improvements implemented by the Wisconsin DNR since the early 1950s (Hunt 1988; Avery 2004 ). These authors compiled case studies of more than 45 in-stream habitat projects throughout the state of Wisconsin and reported on the effectiveness of the techniques used in enhancing fish communities. The large number of compiled case studies investigating the ecological success of common restoration practices has allowed resource managers within the region to implement in-stream habitat improvement projects with reasonable confidence that their actions will result in increased fish populations. The compiling of case studies of specific types of restoration actions within a regional context should be encouraged as a means to accurately predict ecological responses and further the science of stream restoration. As we learn more about the success of certain restoration practices, the need for the monitoring of such projects may be lessened. Bernhardt et al. (2005) estimated the annual cost of stream restoration in the United States at in-excess of $1 billion, and acknowledged this was likely an Figure 5 . Number of projects and extrapolated cumulative costs of restoration projects (see Table 2 for key to goals). Gray bars represent the number of projects in a goal category, and the closed circles and line represent the extrapolated cumulative cost of projects in $U.S. in each goal category. This is unsurprising because the national estimate using the NRRSS database was strongly influenced by the disproportionately greater number of projects in the Pacific Northwest, the Chesapeake Bay region, and California. However, it should also be noted that NRCS projects were not included by Bernhardt et al. in the estimation of restoration dollars spent. Based on our approximations of the NRCS expenditures related to stream restoration ($283 million since 1997), dollars spent under NRCS conservation activities more than equal those captured in the NRRSS database for the Upper Midwest. Similar to another regional summary of NRRSS findings in the Chesapeake Bay Watershed (Hassett et al. 2005) , water-quality management projects stood out as being highest in cost but relatively few in numbers. A possible explanation for this trend in the Upper Midwest region is that many of the projects with the goal of water-quality improvement were federally funded and expensive projects (approximately $200,000) that addressed water-quality issues at the scale of the watershed over multiple years.
Just what is accomplished as a consequence of these substantial expenditures clearly deserves more study. We conservatively estimate that restoration and conservation activities have influenced nearly 10,000 km of stream in these three states, or roughly 5% of total stream length, thus positive ecological effects should be demonstrable.
We found a tendency for individual projects to be come both costlier and smaller in size over time. Two possible explanations deserve consideration. Certain types of projects, such as stormwater management, channel reconfiguration, and dam removal, have become more common in recent years, and these are both costly and localized. In addition, there is some indication that because models, GIS, and existing databases have become more commonplace, and regulatory standards play a larger role, watershed professionals appear to be focusing on smaller units of study where problems are more definable, solutions more readily implemented, and outcomes at least in principle more easily demonstrated. In a review of nearly 800 papers published in the conference proceedings of Water Environment Federation between 1993 , Freedman et al. (2004 reported that practices have become more scientific and technical but also less holistic. Our finding that over time, greater amounts of money are being spent on increasingly smaller projects likely is evidence that the tendency toward more technical and localized projects holds true for the Upper Midwest region. However, whether individual projects are being implemented within a holistic watershed perspective is not answerable with our data.
The increased focus on river restoration reflects a growing awareness of the need to practice whole-watershed management to address the loss of ecosystem goods and services (Wissmar & Beschta 1998; Bohn & Kershner 2002; Covich et al. 2004) . Despite widespread advocacy of holistic approaches such as integrated river basin management (IRBM), considerable uncertainty remains with respect to its definition and, most importantly, its implementation (Global Water Partnership 2000; Gilman et al. 2004) . Broader ecological goals often are addressed in better examples of IRBM (Gilman et al. 2004) , although typically this reflects a concern for the protection of ecosystem processes (hydrologic regime, water quality) that also benefit humans. Direct planning based on conservation and restoration considerations is less common.
Single-focus restoration projects, such as improving a fishery, remain common but are ecologically limited because they fail to take an ecosystem perspective (Roper et al. 1997; Laasonen et al. 1998 ). In such instances, fish habitat installations are done with the expectation that the creation of habitat will result in increased numbers of fish. However, the assumption that ecosystem function will return as a result of the creation of an organism's habitat is ill founded if in-stream habitat is not the organism's limiting factor within the environment (Larson et al. 2001; Pretty et al. 2003; Cowx & de Jong 2004) . For example, Pretty et al. (2003) attributed the failure of an in-stream habitat project to the observation that, without first improving water quality at the site, installation of LWD would not be expected to have a positive effect on fish populations. However, diagnosis of the limiting factor of streams has been a suggested management strategy in Wisconsin since the 1960s (White & Brynildson 1967; Lyons & Courtney 1990) , and so the habitat improvement projects carried out by the Wisconsin Department of Natural Resources are done with substantial knowledge of environmental impacts at the watershed level. Thus, it may be feasible to have a primary goal, such as salmonid enhancement, and pursue it within a more holistic framework.
In summary, our database of 1,345 restoration projects from the Upper Midwest indicates that stream restoration is widespread, diverse, and involves considerable expense. Because record keeping is inadequate and fragmented, this report represents a first attempt to document restoration activities for this region. Nevertheless, the evidence that activities emphasize coldwater fisheries enhancement in Michigan and Wisconsin, and water-quality improvement in Ohio, appears reasonable. Our estimate that $444 million was spent on stream restoration and protection in these three states since 1990, with an average of only 11% of projects monitored, reinforces the point made by Bernhardt et al. (2005) in their national synthesis. Standardization of monitoring and record keeping and dissemination of findings are urgently needed to ensure that dollars are well spent and restoration effectiveness is maximized. 
Implications for Practice
